Palatal surgery in a transoral robotic setting (TORS): preliminary results of a retrospective comparison between uvulopalatopharyngoplasty (UPPP), expansion sphincter pharyngoplasty (ESP) and barbed repositioning pharyngoplasty (BRP) 
Introduction
Today, transoral robotic surgery (TORS) for obstructive sleep apnoea-hypopnea syndrome (OSAHS) is a widely recognised effective therapeutic option.
It has become increasingly clear in the past decade that surgical management of OSAHS is most successfully managed with multilevel surgery [1] [2] [3] [4] [5] [6] [7] [8] . In particular, drug-induced sleep endoscopy (DISE) has shown that the hypopharynx and base of tongue are im-portant anatomic components of obstruction in OSAHS and therefore must be treated 9 . During the last decades, several variations in palatal surgery have been proposed. We evaluated the outcomes of multilevel interventions comparing three different palatal techniques added to TORS: uvulopalatopharyngoplasty (UPPP), a modified expansion sphincter pharyngoplasty (ESP), inspired by the Pang expansion sphincter pharyngoplasty technique and the latest barbed repositioning pharyngoplasty (BRP) [10] [11] [12] [13] .
Materials and methods
Thirty patients were retrospectively evaluated. The patients were randomly selected from the dataset including OSAHS patients treated surgically from May 2008 to December 2015 at the ENT unit of the Hospital MorgagniPierantoni, Forlì, Italy. Incomplete or very recent cases, with a postoperative polysomnographic evaluation shorter than 6 months, were excluded. Patients met inclusion criteria if they were 18 years of age or older, had failed continuous positive airway pressure as a nonsurgical treatment alternative and had an apnoea-hypopnoea index (AHI) of 20 or above. Patients who had had prior airway surgery, such as UPPP or tonsillectomy, were not eligible. Preoperative workup also included DISE. Only patients who were found to have significant collapse contemporarily at the retropalatal, retrolingual and hypopharyngeal levels were included. Three groups, each with 10 patients, were compared. Ten patients underwent UPPP by Fairbanks 11 , 10 BRP 12 and 10 a modified ESP already described 10 . All 30 patients were treated with a robotic tongue base reduction with supraglottoplasty (SGP) by Vicini 4 with temporary tracheostomy, tonsillectomy and septo-turbinoplasty. For all cases, the following data were retrieved and revaluated: The 3 groups were reasonably matched for sex, age, BMI and preoperative AHI. The definition of surgical response and success were a reduction from the preoperative AHI of at least 50% (response) and less than 20 events per hour (success). All clinical records were reviewed to examine all the differential features between the 3 groups potentially related to the different palate procedures applied. The study met the approval of the Local Board of Ethics (Institutional Review Board of the Hospital MorgagniPierantoni, Forlì). Statistical evaluation of pre-postoperative changes between groups was performed by means of Mann-Whitney, Kruskal Wallis and Wilcoxon tests, with the latter used to evaluate pre-postoperative changes in each group.
Results
The 3 groups showed no significant difference in F/M ratio (1/9 in all groups), age, BMI and preoperative AHI ( Table I ). The AHI decreased significantly after surgery in all groups except UPPP. ESS values, however, decreased significantly postoperatively in all groups (Table II) . No significant differences in post-operative pain, deltaAHI (preAHI-postAHI) and hospital stay were recorded (Table III). Surgical success rate was 90% in the ESP and BRP groups, and 50% in the UPPP group. ESP and BRP postoperative AHI values were significantly lower than UPPP. On the other hand, ESP and BRP did not show any differences in this measure. Both ESP and BRP post-operative ESS values were significantly lower than the UPPP figure, while no differences were seen between the first two groups. ESP surgery time was significantly higher than UPPP while BRP was seen to be the quickest procedure (Table IV) 
Discussion
In our sleep disorder breathing surgical practice, it is routine to perform multilevel surgery at the same surgical session. In our philosophy, TORS is just a step devised to address tongue base and supraglottic collapse, and is routinely carried out together with nose and palate surgery if required, according to DISE findings. In the last years, many palatal techniques have been proposed. The introduction of the Pang ESP technique and, more recently, BRP have changed our OSAHS multilevel surgical setting 10 12 13 . These two techniques soon became our first option with the robot-assisted multilevel procedure. Recently, the effectiveness of ESP was demonstrated in a meta-analysis by Pang 16 . Moreover, our group reported on the superiority of ESP in a multilevel setting when compared to UPPP 8 . However, in a 2015 study by our group it was shown that the BRP technique is feasible, safe and effective in the management of OSAHS patients 12 . The use of a barbed suture allows to perform a quick procedure and to respect mucosal and muscular structures (Figs. 1, 2) . The purpose of the present study was to show the superiority of ESP and BRP compared to traditional UPPP in a multilevel setting, highlighting the advantages of BRP. Taking into account the retrospective nature of our study and the limited size of the three groups, our preliminary results may be interpreted as follows. Both BRP and ESP resulted in better postoperative AHI values and higher surgical success rate in comparison with UPPP. On the other hand, BRP was not more effective than ESP. ESP surgery time was significantly higher than UPPP while BRP was seen to be the quickest procedure. Furthermore, in our series no complications were recorded, likely due to the small size of our sample. However, we assume that the probability of bleeding is significantly lower in BRP patients, as the soft palate and the pharyngopalatine muscle are respected when performing this technique. No difference in postoperative pain was recorded between groups, probably because all patients underwent tonsillectomy contemporarily. The higher effectiveness of BRP and ESP may be interpreted considering their more focused action on the lateral wall area. Moreover, the authors feel that circular scarring and tension produce a significantly delayed reduction of oropharyngeal section in UPPP cases. In ESP, the same scar retraction would probably tend to straighten the angle between the plane of tonsillar fossa and the intrapalatal muscular flap, producing a progressive enlarging vector for the lateral wall and palate. BRP, instead, allows to displace the posterior pillar (palatopharyngeal muscle) in a more lateral and anterior position to enlarge the oropharyngeal inlet as well as the retropalatal space. In a previous study published by our group, it was shown how this technique is easy to learn even for non-experienced surgeons, less time consuming and with no significant complications 12 .
Conclusions
ESP and BRP seem to be more effective than UPPP in a multilevel surgical robotic setting. Being quicker, easy to learn and with a low rate of complications, BRP appears to be a safe, effective and promising option for the treatment of OSAHS patients. 
